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(57) ABSTRACT 

A storage controller which uses the same buffer to store data 
elements retrieved from different secondary storage units. In 
an embodiment, the controller retrieves location descriptors 
ahead of when data is available for storing in a target memory. 
Each location descriptor indicates the memory locations at 
which data received from a secondary storage is to be stored. 
Only a subset of the location descriptors may be retrieved and 
stored ahead when processing each request. Due to Such 
retrieval and storing of limited number of location descrip 
tors, the size of a buffer used by the storage controller may be 
reduced. Due to retrieval of the location descriptors ahead, 
unneeded buffering of the data elements within the storage 
controller is avoided, reducing the latency in writing the data 
into the main memory, thus improving performance. 
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OPTIMALUSE OF BUFFER SPACE BY A 
STORAGE CONTROLLER WHICH WRITES 

RETRIEVED DATA DIRECTLY TO A 
MEMORY 

BACKGROUND 

0001 1. Field of Disclosure 
0002 The present disclosure relates generally to storage 
technology, and more specifically to optimal use of buffer 
space by a storage controller which writes retrieved data 
directly to a memory. 
0003 2. Related Art 
0004. A storage controller refers to a component (or unit), 
which controls read and write requests to a non-volatile Stor 
age medium. The requests are often received from central 
processors (e.g., a central processing unit, CPU) and the 
storage controller interfaces with the non-volatile storage 
medium to process each request. In case of read requests, the 
storage controller retrieves data from the non-volatile storage 
medium. 
0005 Storage controllers are often required to write 
retrieved data into a memory. For example, a CPU may indi 
cate that the data contained in a file be retrieved and stored in 
random access memory (RAM) operating as a main memory 
(to distinguish from the controller memory, noted below). 
0006. The storage controller may further be requested to 
write directly into the memory. Directly generally implies 
that the storage controller store the data in the RAM, without 
interrupting the CPU for each storage operation. As an illus 
tration, in a direct memory access (DMA) operation, a storage 
controller interrupts a CPU only after completion of storing 
the entire data. 
0007 Buffer space is typically provided in (or associated 
with) storage controllers to Support various read/write 
requests. Buffer space provides for temporary storage and 
allows orderly transfer of data in even in case of speed mis 
matches and unavailability of resources (e.g., a bus) to store 
the data in the target main memory. The buffer space is typi 
cally implemented as a RAM, and referred to as a controller 
memory. 
0008. It is generally desirable that the buffer space be used 
optimally such that various operations can be supported effi 
ciently (one or more of better throughput, reduced latency, 
etc.), even with smaller buffer/memory sizes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. Example embodiments will be described with ref 
erence to the following accompanying drawings, which are 
described briefly below. 
0010 FIG. 1 is a diagram illustrating an example system in 
which several features of the present invention may be imple 
mented. 
0011 FIG. 2 is a block diagram illustrating the details of a 
storage controller in an embodiment. 
0012 FIGS. 3A and 3B are diagrams showing the manner 
in which location descriptors are specified by a processor 
requesting data, in one embodiment. 
0013 FIG. 4 is a flowchart illustrating the manner in 
which the size of a buffer used by a storage controller may be 
reduced in an embodiment of the present invention. 
0014 FIG. 5A is a diagram illustrating the details of a 
buffer in a storage controller in an embodiment. 
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0015 FIG. 5B is a diagram illustrating the manner in 
which control information for data in a buffer in a storage 
controller is specified in an embodiment. 
0016 FIG. 6 is a sequence diagram used to illustrate the 
sequence of events during transfer of data from a secondary 
storage to a target memory in one embodiment. 
0017. In the drawings, like reference numbers generally 
indicate identical, functionally similar, and/or structurally 
similar elements. The drawing in which an element first 
appears is indicated by the leftmost digit(s) in the correspond 
ing reference number. 

DETAILED DESCRIPTION 

0018 1. Overview 
0019. A storage controller provided according to an aspect 
of the present invention uses a single buffer to store the data 
retrieved from multiple secondary storage units. In an 
embodiment, a control unit provided in the storage controller 
is designed with the flexibility of storing the data elements 
retrieved from any of the secondary storage units in each of a 
set of (one or more) memory locations in the buffer. The 
buffer space may be used optimally and the buffer size 
requirements may be reduced as a result. 
0020. An aspect of the present invention provides for fur 
ther optimal usage by pre-fetching location descriptors 
(which indicate the locations of a target memory where the 
retrieved data elements are to be eventually stored in a target 
memory) before the corresponding information may be 
required. In an embodiment, the storage controller issues 
commands to a non-volatile memory to provide the data 
elements requested in a read request, and retrieves only a 
subset of location descriptors. The number of elements in the 
subset is chosen to ensure availability of the location descrip 
tors soon after the corresponding data elements are available 
for storing. The retrieved location descriptors may also be 
stored in a buffer. 
0021. Due to the retrieval and storing of only a subset of 
the location descriptors, the buffer size requirements may be 
reduced. Such a requirement may be of importance when the 
technology (e.g., NCO) permits secondary storage units to 
send data elements related to later requests before sending the 
data elements related to earlier requests, and it is desirable 
that the storage controller retrieve location descriptors for all 
the pending requests. 
0022. Due to the retrieval of location descriptors in 
advance, the time duration for which the data is buffered in the 
storage controller may be reduced, thereby reducing the 
buffer size requirements further in addition to completing 
data transfers with lower latency without being hampered by 
immediate unavailability of storage descriptors. Such timely 
availability of location descriptors may be of importance 
when a single buffer is used for storing the data retrieved from 
different secondary storage units since the shared buffer may 
be designed to be of smaller size and freeing the locations for 
storing data related to other requests may be necessary. 
0023 Several aspects of the invention are described below 
with reference to examples for illustration. It should be under 
stood that numerous specific details, relationships, and meth 
ods are set forth to provide a full understanding of the inven 
tion. One skilled in the relevant art, however, will readily 
recognize that the invention can be practiced without one or 
more of the specific details, or with other methods, etc. In 
other instances, well known structures or operations are not 
shown in detail to avoid obscuring the features of the inven 
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tion. Further more the features/aspects described can be prac 
ticed in various combinations, though only some of the com 
binations are described herein for conciseness. 
0024 2. Example System 
0025 FIG. 1 is a diagram illustrating an example system in 
which several features of the present invention may be imple 
mented. The diagram is shown containing central processing 
unit (CPU 110), storage controller 120, main memory 130, 
and secondary storage units 140A-140N. It must be under 
stood that a typical environment may contain various other 
components (both in type and number), which are not shown 
as not being relevant to an understanding of the described 
features. Similarly, some other systems may contain fewer 
components. Each component of FIG. 1 is described in detail 
below. 
0026 Main memory 130 may be implemented as a ran 
dom-access memory (RAM, e.g. dynamic RAM-DRAM) 
and stores various instructions and data. Some of the instruc 
tions (e.g., representing user applications) executed by CPU 
110 cause data to be retrieved from the secondary storage 
units according to several aspects of the present invention. 
Some other instructions representing an operating system, 
may allocate the specific locations in main memory 130 to 
store the retrieved data. Execution of some other instructions 
cause other features described below to be provided. Simi 
larly, main memory 130 may store location descriptors (de 
scribed in sections below) as well as to store the retrieved data 
elements, as described in sections below. 
0027. Each of secondary storage units 140A-140N con 
tains a non-volatile storage medium, and may be imple 
mented, for example, as hard disks, CD-ROM, etc. Secondary 
storage units 140A-140N generally contain controller units 
within them to co-ordinate various operations involving data 
(such as reading, writing, data transfer to storage controller 
120), and may be implemented consistent with the corre 
sponding protocols/standards such as SATA (Serial 
Advanced Technology Attachment) well known in the rel 
eVant artS. 

0028. In case of serial technologies, a request for a 
sequence of bytes may be sent on path 124A and the requested 
bytes (data elements) may be received in sequence for the 
request. In one embodiment, only one request can be pending 
to each secondary storage. However, in case Support exists for 
multiple requests to be pending to each secondary storage, 
(e.g., using NCQ, native command queuing), data related to 
multiple requests may re-ordered (during reception), but the 
data related to each request may continue to be received in the 
same order as in which the data is (logically) stored in the 
secondary storage. 
0029 CPU 110 may represent one or more processor 

units, which execute software instructions (e.g., retrieved 
from main memory 130). Some of the instructions may issue 
requests to retrieve data from the secondary storage units. In 
an embodiment, CPU 110 merely issues a request to transfer 
a sequence of data elements, and storage controller 120 gen 
erates an interrupt to signal the completion of transfer of the 
requested data. It should be understood that several requests 
may be issued within a short duration Such that many of the 
requests are being processed by storage controller 120. The 
requests being processed may be referred to as pending 
requests. 
0030 Storage controller 120 receives requests from CPU 
110 (via path 112) to read a sequence of data elements from 
secondary storage units 140A-140N, and issues correspond 
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ing commands to secondary storage units 140A-140N to pro 
vide the requested data elements. Once the data is retrieved 
from the secondary storage units, storage controller 120 
transfers the data to the respective target memories specified 
by the requests received from the CPU. 
0031. In between reception of the data from a secondary 
storage unit and transfer thereafter to memory 130, Storage 
controller 120 needs to store the data temporarily. 
0032. In one prior embodiment, storage controller 120 
contains one buffer each for data received on each of the 
physical interfaces (links) 124A-124N. Such an approach 
leads to higher aggregate on-chip memory (in all the buffers 
together), which may be undesirable due to reasons such as 
enhanced cost and die area requirements. 
0033. A storage controller provided according to an aspect 
of the present invention overcomes some of Such disadvan 
tages, as described below in further detail. 
0034) 3. Storage Controller 
0035 FIG. 2 is a block diagram illustrating the details of a 
storage controller in an embodiment of the present invention. 
Storage controller 120 is shown containing buffer 210, con 
trol unit 220, FIFOs 240A-240N and bus master 250. Storage 
controller 120 may contain various other components/blocks 
not shown in the figure as not being relevant to the following 
description. The description is provided assuming that read 
requests are received indicating that data elements are to be 
retrieved from secondary storage unit 140A, and the retrieved 
data elements are to be stored in main memory 130. However, 
different storage units and target memories can be specified 
without departing from the scope and spirit of various aspects 
of the present invention. Each component of FIG. 2 is 
described in detail below. 
0036) Each of FIFOs 240A-240N provides temporary 
storage for data received via paths 124A-124N from a corre 
sponding secondary storage unit 140A-140N before control 
unit 220 moves the data (from the corresponding FIFO via 
paths 224A-224N) to buffer 210. In addition, each FIFO may 
store any status/control information received from the sec 
ondary storage unit and provide the same to control unit 220. 
In an embodiment implemented in the context of SATA pro 
tocol, well known in the relevant arts, each FIFO is used for 
flow control purpose in order to meet the protocol specifica 
tion. For example SATA requires the storage controller to be 
able to receive at least the 21 Dwords after receive flow 
control is initiated by it on path 124A. This ensures that the 
data on any port is never dropped due to possible arbitration 
latency in acquiring the shared buffer 210. 
0037 Control unit 220 performs various operations to co 
ordinate data transfer between paths 112 and 124A/124N. In 
particular, control unit 220 may receive requests on path 112 
to retrieve a sequence of bytes stored on a storage unit con 
nected on any of paths 124A-124N. The sequence of bytes 
may be specified according to any pre-specified convention 
(e.g., according to Advanced Host Controller Interface 
(AHCI) standard, well known in the relevant arts) and are 
generally provided by device driver software executed by 
CPU 110. The requests also specify a target memory and the 
location(s) in the target memory where the data is to be stored, 
for example, as described in sections below. 
0038 Control unit 220 issues corresponding commands 
(e.g., according to SATA standard) on paths 124A-124N to a 
storage unit to retrieve the requested data into the correspond 
ing FIFO. Control unit 230 then transfers the data in each 
FIFO to buffer 210. Control unit 220 may store control infor 
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mation along with the data to facilitate the data to be stored in 
the target memory/locations as described in sections below 
with examples. 
0039 Buffer 210 represents a randomly accessible 
memory in which the data received from paths 124A-124N is 
stored temporarily before storing in main memory 120. In an 
embodiment, a single memory unit (having a matrix of 
memory cells and an access circuitry) implemented as a 
SRAM is used for storing the data received on all paths 
124A-124N. The SRAM is implemented along with the other 
components of storage controller as a single integrated circuit 
and buffer 210 is thus said to be “on-chip' in such a scenario. 
However, alternative embodiments may use multiple memory 
units Supporting a single buffer. 
0040. According to an aspect of the present invention, the 
memory space is shared Such that at least Some of the memory 
locations can be used to store data retrieved on any of the 
paths 124A-124N. The buffer space may be utilized effi 
ciently due to such sharing. Due to the efficient use of buffer 
space. Such sharing may be rendered possible while avoiding 
performance bottlenecks and data drop (overflow). 
0041 Bus master 250 transfers the data in buffer 210 to 
main memory 130. In an embodiment, bus master 250 arbi 
trates for access to bus 112 and then uses DMA techniques to 
store the data of buffer 210 in memory 130. When the last data 
element is stored, bus master 250 may first send an interrupt 
to CPU 110 (indicating that the data transfer is complete) and 
relinquish control of bus 112. 
0042. In an embodiment, the data retrieved from second 
ary storage units is stored in target memory/locations as 
specified by location descriptors associated with a command 
received from CPU 110 and accordingly the description is 
continued with respect to location descriptors. 
0043. 4. Location Descriptors 
0044 FIGS. 3A and 3B respectively represent a portion of 
a main memory and a register in control unit 220, and are used 
in conjunction with FIGS. 1 and 2 to illustrate the manner in 
which information on location descriptors is provided by 
CPU 210 to control unit 220 in an embodiment. As noted 
above, each location descriptor indicates a target memory and 
the locations therein, at which a corresponding block of data 
elements are to be written. 
0045. In an embodiment, CPU 110 writes a command to 
register 310 in control unit 220. In AHCI standard, the loca 
tion descriptors are referred to as physical region descriptor 
(PRD) and thus memory 130 is shown with PRD table 350. 
Each entry in PRD table contains a location information 
specifying where (i.e., the individual memory location 
addresses) in main memory 130 a corresponding portion of 
the data in the file (sequence of data elements forming the file 
content) to be read is to be stored. In case, the target memory 
can be more than one memory unit, the location descriptors 
may specify the specific one of the memory units as well 
(according to a specified convention). 
0046 PRDs 350A-350N may be located at contiguous 
locations within PRD table 350. Alternatively, PRD table 
itself may be implemented as a linked list, with each PRD 
(except the last) containing the address of a next PRD in the 
linked list. 

0047. In an embodiment, each of the PRDs (350A-350N) 
is designed to include a starting address a block of memory in 
memory unit 130, as well as a size (number of memory 
locations) of the block, with the block being the locations in 
a memory, where a corresponding Subset of a sequence of 
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bytes to be read, are to be stored. Each of such blocks may be 
allocated by an operating system executing in the system of 
FIG. 1 before a device driver sends the read request to storage 
controller 120. 
0048 CPU 110 may, in addition, set a flag in (not shown) 
contained in control unit 220, indicating that a request has 
been made. In response, control unit 220 reads the contents of 
field 310, and retrieves a corresponding command header 
(field 320) in main memory 130. In an embodiment support 
ing NCQ technology, up to 32 command headers may be 
present (not shown) corresponding to each one of 32 pending 
commands possible. The command header 320, in turn, con 
tains an address of a command table 330. Command table 
330, in turn, contains the address of a PRD table (PRD table 
350 in this example). 
0049. Thus, all the PRDs together specify a target memory 
and memory locations to store the data elements sought to be 
retrieved from the secondary storage units. It should be appre 
ciated that the timely availability of the location descriptors 
may be important to minimize the time duration the data 
elements are buffered within the storage controller, and 
thereby reduce the buffer space requirements. 
0050. In one embodiment, a control unit may retrieve all 
the location descriptors of all pending read requests. However 
Such an approach may require Substantial amount of buffer 
space. The buffer space requirements are compounded in case 
of technologies such as NCQ, noted above. 
0051. An aspect of the present invention ensures timely 
availability of location descriptors, while reducing required 
buffer size, as described below in further detail. 
0.052 5. Retrieving Location Descriptors 
0053 FIG. 4 is a flowchart illustrating the manner in 
which location descriptors are retrieved and used according to 
an aspect of the present invention. The flowchart is described 
with respect to FIG. 1, and in relation to storage controller 
120, merely for illustration. However, various features can be 
implemented in other environments (e.g., with or without the 
shared buffer described above with respect to FIG. 3) and 
other components. 
0054 Furthermore, the steps are described in a specific 
sequence merely for illustration. Alternative embodiments in 
other environments, using other components, and different 
sequence of steps can also be implemented without departing 
from the scope and spirit of several aspects of the present 
invention, as will be apparent to one skilled in the relevantarts 
by reading the disclosure provided herein. The flowchart 
starts in step 401, in which control passes to step 410. 
0055. In step 410, storage controller 120 receives a request 
to transfera desired sequence of data elements from a storage 
device to a main memory, with the request specifying where 
location descriptors are located. As noted above, location 
descriptors identify where (specific memory unit(s) and loca 
tions therein) the data is to be stored. To illustrate with an 
example, storage controller 120 may receive a request to 
transfer a file stored in secondary storage unit 140A to main 
memory 130. 
0056. Any pre-specified convention can be used for the 
format of the request (including to identify the specific sec 
ondary storage unit, the location/identifiers of sequence of 
data elements thereon) as well as for specifying the location 
of the location descriptors. Several approaches for Such con 
ventions will be apparent to one skilled in the relevant arts by 
reading the disclosure provided herein. However, in one 
embodiment, the data elements sought to be retrieved are 
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specified according to AHCI standard noted above and the 
location descriptors are specified as described above with 
respect to FIGS. 3A and 3B. Control then passes to step 420. 
0057. In step 420, storage controller 120 issues commands 
to the storage device to provide (i.e., send back) the sequence 
of data elements. In the example noted above, storage con 
troller 120 issues commands to secondary storage unit 140A 
to provide data at specific locations, for example, according to 
SATA protocol well known in the relevant arts. The com 
mands may be issued consistent with a corresponding proto 
cols/standards. Control then passes to step 440. 
0058. In step 440, storage controller 120 retrieves a subset 
of the descriptors before completion of reception of data 
elements to be stored using a first one of the descriptors in the 
Subset. In case of serial technologies noted above, only a 
single location descriptor may be needed assuming it takes a 
lot more time to retrieve data elements corresponding to a 
location descriptor. More location descriptors can be 
retrieved, but retrieving all the location descriptors (for the 
request) may be undesirable for reasons noted above. 
0059 Actions to retrieve the subset of descriptors can 
precede issuance of the commands of step 420. However, to 
reduce buffer requirements, the actions to retrieve the loca 
tion descriptors may commence after issuing the commands 
of step 420, but before completion of reception of data cor 
responding to a first descriptor in the Subset. The specific 
actions depend on the unit from which the descriptors are to 
be retrieved. 
0060 For example, assuming a specific location descrip 
tor indicates that byte numbers 1024-2047 are to be stored in 
memory locations 4048 to 5071 of main memory 130, storage 
controller 120 may ensure that location descriptor is available 
to control unit 220 at least before byte 5071 (last byte) is 
received from secondary storage unit. Additional location 
descriptors may reduce the number of times bus 112 needs to 
be accessed for the purpose of retrieving location descriptors 
from main memory 130. Control then passes to step 445. 
0061. In step 445, storage controller 120 stores the 
retrieved descriptors in a buffer (e.g., 210). As only a subset of 
location descriptors are retrieved in step 440, the buffer size 
requirements may be reduced. Control then passes to step 
450. 

0062. In step 450, storage controller 120 stores the 
received data at memory locations indicated by the first one of 
the descriptors. Control then passes to step 460. 
0063. In step 460, storage controller 120 fetches a next 
descriptor following the subset and adds the next descriptor to 
the Subset. To illustrate, assuming the Subset of descriptors 
retrieved in step 440 contains two descriptors, storage con 
troller 120 retrieves the third descriptor upon reception of 
data (and Subsequent storage at a corresponding location in 
main memory in step 450) corresponding to the first descrip 
tor, and thus has the location information to store data corre 
sponding to the second and third descriptors. Control then 
passes to step 480. 
0064. In step 480, if storage controller 120 determines that 
more data from the file is being received, control passes to 
step 450, else control passes to step 499, in which the flow 
chart ends. 

0065 Due to the retrieval of only a subset of the location 
descriptors, the buffer size requirements may be reduced. In 
addition, due to the ready availability of the required location 
description, the amount of time data (received from second 
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ary storage units) needs to be buffered may also be reduced, 
thereby reducing the buffer size requirements. 
0.066 Buffer 210 can be implemented using various 
approaches while Supporting the desired features described 
above. The description is provided with respect to the details 
of a buffer 210 in one embodiment. 

0067 6. Buffer 
0068 FIG. 5A is a block diagram illustrating the details of 
buffer 210 in one embodiment. Buffer 210 is shown contain 
ing data buffer 510 and control buffer 520, which are 
described in further detail below with reference to FIG.SB as 
well. FIG. 5B illustrates the nature of data stored in control 
buffer 520 in one embodiment. 

0069 Control unit 220 stores data blocks (subset of the 
sequence of data elements sought to be retrieved by a single 
read request from CPU 110) corresponding to each location 
descriptor in data buffer 510, and stores a status information 
for the block in control buffer 520. FIG. SB illustrates the 
various fields that contain status information of a correspond 
ing block of data in an embodiment of the present invention. 
0070. In a typical scenario, several file requests may be 
outstanding (yet to be completed or pending), and control unit 
220 may store file portions received from each of the second 
ary storage units 140A-140N in data buffer 510. Since a 
single buffer 210 is used to store data corresponding to dif 
ferent links (data received from different secondary storage 
units), and with different target addresses in main memory, 
each block of data may need to be stored with corresponding 
status information, as described below with an example. 
(0071 Status entry 590 is shown containing fields 550, 
560, 570 and 580. In the example, it is assumed that status 
entry 590 corresponds to data received from secondary stor 
age unit 140A, and to be written to main memory location 
360, i.e., data corresponding to PRD350A, shown in FIG.3A. 
0072 Field 550 specifies the port (link corresponding to a 
secondary storage unit) from which the data was received. In 
the example, the entry would correspond a number specifying 
that the data was received from secondary storage unit 140A. 
(0073 Field 560 specifies the length/size of the block of 
data (in data buffer 510) to which status entry 590 corre 
sponds. 
(0074 Fields 570 and 580 together specify the address in 
main memory 130 starting from which the block of data in 
data buffer 510 is to be written. The address in main memory 
130 is specified by the contents of a PRD whose address in 
turn is specified by field 570 (Upper PRD address (e.g., higher 
order 32bits)), and field 580 (Lower PRD address (e.g., lower 
order 32 bits). The upper and lower PRD addresses shown in 
two fields 570 and 580 reflect that the address space in main 
memory is specified by a 64-bit address and each of the fields 
only contains 32bits in one embodiment. The values for fields 
570 and 580 are retrieved from PRD 350A in the illustrative 
example. 
0075 Thus, the pertinent information of location descrip 
tors may be stored associated with each block (boundaries in 
the sequence of data corresponding to the data specified by 
each location descriptor) of data in buffer 210 and bus master 
250 may use the information to determine the target locations/ 
memory to store each data element. 
0076. The description is continued with an illustration of 
an example sequence diagram illustrating the sequence of 
operations involved in the read operation of a sequence of 
data elements in an embodiment. 
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0077 7. Sequence Diagram 
0078 FIG. 6 is an example sequence diagram used to 
illustrate the sequence of operations in each of CPU 110. 
storage controller 120 and secondary storage unit 140A 
involved during a file read operation in an embodiment of the 
present invention. 
0079 Event 610 represents a request by CPU 110 to stor 
age controller 120 to transfer a sequence of data elements 
(corresponding to a file) from secondary storage unit 140A to 
main memory 130. Event 615 represents an operation in 
which storage controller 120 reads the request 610 issued by 
CPU 110. 

0080 Event 620 represents a command issued by storage 
controller 120 to secondary storage unit 140A to provide the 
data in the file. In the same event, storage controller 120 may 
initiate retrieval of the subset of location descriptors (by 
appropriate access commands issued to main memory 130), 
as described above. 

0081. In the example, it is assumed that storage controller 
120 retrieves two location descriptors during event 620, even 
though a single location descriptor may be sufficient to ensure 
timely availability of the corresponding information in most 
instances (assuming retrieval of the data block from second 
ary storage unit takes more time than retrieving the location 
descriptor from the main memory). However, in case of small 
(especially the last block) blocks, retrieving that extra loca 
tion descriptor ensures timely availability of the necessary 
information without having to wait for location descriptors. 
0082. At time instance t1, secondary storage unit 140A 
starts providing the data in the file to storage controller 120. 
The data may be stored in buffer 210 (FIG. 2). By t2, the data 
specified by the first location descriptor is deemed to be 
available in buffer 210. The file descriptor is deemed to have 
been retrieved/received ahead of t2 and also stored in buffer 
210 (by control unit 220). All the remaining ones of the set of 
file descriptors (two, noted in event 620 above) are also 
deemed to be received. 

0083. Accordingly, event 640 represents transfer of the 
data 690A from data buffer 510 to main memory 130. Thus, 
bus master 250 may initiate DMA transfer of the correspond 
ing portions to main memory 130 as soon as the portions (or 
at least a minimum portion allowed to be transferred in a 
DMA transfer) are available. In an embodiment, a DMA 
transfer transfers a minimum of 64 bytes. Thus, when at least 
64 bytes of a corresponding portion of a file have been 
received and stored in buffer 210, bus master 250 may initiate 
the transfer to main memory 130. 
0084. Reception of data continues, as represented by the 
commencement of reception of data 690B corresponding to 
the second location descriptor. 
0085. At time instance t3, storage controller 120 may 
retrieve a next descriptor (third location descriptor in the 
example) before the data corresponding to the second 
descriptor is completely received at time instance ta. Event 
660, shown commencing shortly after tak, represents transfer 
of the data 690B to main memory 130. Starting at time 
instance tA, reception of data 690C corresponding to the third 
descriptor (retrieved at time instance t3) commences. 
I0086 Retrievals of subsequent location descriptors, writ 
ing of data portions to main memory 130, and reception of 
data from secondary storage unit 140A continues in a similar 
fashion, till all the data elements requested in a read request 
are transferred to main memory 130. 
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I0087 While the description above is provided with respect 
to a single read request merely for illustration, it should be 
appreciated that multiple read requests would be processed in 
parallel consistent with the description above. 
0088 8. Conclusion 
I0089. While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not limita 
tion. Thus, the breadth and scope of the present invention 
should not be limited by any of the above described exem 
plary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 

What is claimed is: 
1. A storage controller controlling access requests to a 

plurality of secondary storage units, said storage controller 
comprising: 

a buffer; and 
a control unit to receive a first read request specifying a first 

sequence of data from a first secondary storage unit and 
a second read request specifying a second sequence of 
data from a second secondary storage unit, 

said control unit to retrieve said first sequence of data from 
said first secondary storage unit and said second 
sequence of data from said second secondary storage 
unit in response to said first read request and said second 
read request respectively, and storing both of said first 
sequence of data and said second sequence of data in 
said buffer. 

2. The storage controller of claim 1, further comprising a 
master unit which transfers said first sequence of data and said 
second sequence of data to a main memory. 

3. The storage controller of claim 2, wherein said buffer 
comprises a control buffer and a data buffer, wherein said 
control unit stores said first sequence of data and said second 
sequence of data in said data buffer, said control unit further 
storing data indicating locations of a memory in which said 
first sequence of data and said second sequence of data is to be 
stored. 

4. The storage controller of claim 3, wherein said first 
request further specifies a plurality of location descriptors, 
wherein a first location descriptor indicates said memory and 
corresponding locations in which a corresponding Subset of 
said first sequence of data is to be stored in said memory, 
wherein said control unit pre-fetches said first location 
descriptor before completion of retrieval of said correspond 
ing Subset. 

5. The storage controller of claim 4, wherein said control 
unit pre-fetches a second location descriptor while said cor 
responding Subset is being received from said first secondary 
storage unit, wherein said second location identifier identifies 
a second Subset of data, said second Subset of data following 
said corresponding Subset according to said sequence order. 

6. The storage controller of claim 2, wherein said master 
unit comprises a DMA (direct memory access) engine which 
stores said first sequence of data and said second sequence of 
data to said main memory according to DMA technique. 

7. The storage controller of claim 1, wherein said buffer 
comprises a memory location, wherein said control unit 
stores a part of said first sequence of data in said memory 
location, said buffer storing a part of a third sequence of data 
retrieved from said second storage unit in response to a third 
read request. 
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8. The storage controller of claim 1, wherein said buffer is 
implemented as a single memory unit, wherein said single 
memory unit contains a single address space and a single 
access circuit. 

9. The storage controller of claim 1, further comprising a 
plurality of FIFOs (first in first out), wherein each of said 
plurality of FIFOs is designed to receive a small sequence of 
data from a corresponding one of said plurality of secondary 
storage units and wherein said control unit transfers the data 
in each of said FIFOs to said buffer. 

10. A system comprising: 
a memory; 
a plurality of secondary storage units; 
a processing unit issuing a first read request specifying a 

first sequence of data from a first secondary storage unit 
and a second read request specifying a second sequence 
of data from a second secondary storage unit, wherein 
said first secondary storage unit and said second second 
ary storage unit are contained in said plurality of Sec 
ondary storage units; 

a storage controller processing said first read request and 
said second read request, said storage controller com 
prising: 
a buffer; and 
a control unit to receive said first read request and said 

second read request, said control unit to retrieve said 
first sequence of data from said first secondary storage 
unit and said second sequence of data from said sec 
ond secondary storage unit in response to said first 
read request and said second read request respec 
tively, and storing both of said first sequence of data 
and said second sequence of data in said buffer. 

11. The system of claim 10, further comprising a master 
unit which transfers said first sequence of data and said sec 
ond sequence of data to a main memory. 

12. The system of claim 11, wherein said buffer comprises 
a control buffer and a data buffer, wherein said control unit 
stores said first sequence of data and said second sequence of 
data in said data buffer, said control unit further storing data 
indicating locations of a memory in which said first sequence 
of data and said second sequence of data is to be stored. 

13. The system of claim 12, wherein said first request 
further specifies a plurality of location descriptors, wherein a 
first location descriptor indicates said memory and corre 
sponding locations in which a corresponding Subset of said 
first sequence of data is to be stored in said memory, wherein 
said control unit pre-fetches said first location descriptor 
before completion of retrieval of said corresponding subset. 

14. The system of claim 13, wherein said control unit 
pre-fetches a second location descriptor while said corre 
sponding Subset is being received from said first secondary 
storage unit, wherein said second location identifier identifies 
a second Subset of data, said second Subset of data following 
said corresponding Subset according to said sequence order. 
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15. The system of claim 10, wherein said buffer comprises 
a memory location, wherein said control unit stores a part of 
said first sequence of data in said memory location, said 
buffer storing a part of a third sequence of data retrieved from 
said second storage unit in response to a third read request. 

16. The system of claim 15, wherein said buffer is imple 
mented as a single memory unit, wherein said single memory 
unit contains a single address space and a single access cir 
cuit. 

17. A method of processing read requests in a storage 
controller controlling access to a secondary storage unit, said 
method comprising: 

receiving a read request to transfer a sequence of data 
elements from said secondary storage unit to a target 
memory; 

issuing a command to said secondary storage unit to pro 
vide said sequence of data elements; 

retrieving a set of location descriptors, with a first location 
descriptor contained in said set of location descriptors 
identifying locations in said target memory at which a 
first subset of data elements provided from said second 
ary storage unit are to be stored; and 

storing said first set of data elements received from said 
secondary storage unit in locations of said target 
memory indicated by said first location descriptor, 

wherein said set of location descriptors is a Subset of a 
plurality of descriptors which together identify all loca 
tions in said secondary storage unit to store said 
sequence of data elements, and 

wherein said retrieving retrieves said first location descrip 
tor before completion of reception of said first set of data 
elements from said secondary storage unit. 

18. The method of claim 17, wherein said retrieving 
retrieves a next descriptor and adds said next descriptor to 
said set of descriptors after completion of said storing. 

19. The method of claim 18, wherein said set of descriptors 
equals two descriptors. 

20. The method of claim 18, wherein said set of descriptors 
equals one descriptor. 

21. The method of claim 18, further comprising: 
computing a time duration for which said retrieving can 

wait before retrieving said next descriptor after comple 
tion of said storing, 

wherein said retrieving initiates a command to retrieve said 
next descriptor after said time duration. 

22. The method of claim 17, further comprises: 
storing said set of location descriptors in a buffer, 
wherein said retrieving initiates retrieval of another set of 

location descriptors by sending a corresponding 
retrieval request after storing said set of location descrip 
tors in said buffer, wherein said another set follows said 
set of location descriptors in an order of said plurality of 
location descriptors. 
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